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Of the methods of neurosyphilitic treatment, the more commonly
used are the following:
(a) Intensive antisyphilitic medication; this consists of arsphen-
amin given intravenously, mercury and the iodids with such hygienic
and supportive treatment as may be indicated for the individual case.
In favor of this treatment is its simplicity and its relative freedom from
complications. Arsphenamin given intravenously results invariably
in arsenic penetration into the spinal fluid according to Benedict,1 and
in only 30 per cent, of the cases according to Reiger and Solomon.2
The clinical results obtained vary widely ; some cases are very success-
ful, others less satisfactory, and some types are absolutely resistant to
this form of medication.
(b) Drainage of the spinal fluid following previous intravenous
injection of arsphenamin has been advocated. It is argued that drain-
age of spinal fluid increases the amount of arsenic in the spinal fluid
following the intravenous injection. This method is simple and has
but little unfavorable reaction. The clinical results occasionally are
good, but perhaps not better than those treated by the simple intensive
method.
(c) The intradural methods of Swift and Ellis, Ogilvie and Byrnes
attempt to still further increase the concentration of a spirochetacidal
substance in the spinal fluid by introducing into the subarachnoid space
blood serum reenforced with arsenic or mercury. Against these
methods have been urged the technical difficulties in giving the treat-
*From the Neurological Clinic of Stanford University Medical School.
1. Benedict, cited by Sachs: Am. J. M. Sc. 148:693, 1914.
2. Reiger, J. B., and Solomon, H. C.: The Circulation of Arsenic in the
Cerebrospinal Fluiid, J. A. M. A. 71:15 (July 6) 1918.
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ment, painful reaction to the patient and complications that have fol¬
lowed especially when the serum was too highly fortified in the
Ogilvie and Byrnes modification. The clinical results in the hands of
many investigators have been especially satisfactory in cases resistant
to other forms of treatment.
Up to the present time there has been considerable difficulty in
estimating the relative values of the above methods. Each method has
its advocates who report series of cases in which the majority have
improved under the particular treatment employed.
VALUE OF METHODS TESTED BY PENETRATION
It has even been denied that the presence of an antispirochetal
substance in the spinal fluid was of advantage to the patient. While
this point is not entirely clear, there is evidence tending to show that
certain types of meningitic lesions are amenable to local treatment.
This is particularly true of Flexner's intraspinous treatment of epi¬
demic cerebrospinal meningitis. The lesions of neurosyphilis are so
diffuse in location, kind and intensity that therapy directed to the
meninges alone would benefit only a limited number of patients.
Clinical results have shown that the parenchymatous lesions of paresis
are least benefited by the introduction of spirochetacidal substance
into the spinal fluid. Meningeal lesions are the most benefited. Inas¬
much as we are unable to state the exact moment at which a given case
of neurosyphilis passes from a meningeal to a parenchymatous state,
therapy directed to the meninges would seem to have a considerable
field of usefulness.
The concentration of spirochetacidal substance in the spinal fluid
necessary to get clinical results is another mooted point. Whether
reenforcing the serum with arsenic or mercury as done in the Ogilvie
and Byrnes method gives us an increased therapeutic effect sufficient to
offset the increased meningeal irritation, is again not clear. Swift3
himself believes that the high concentration is unnecessary. He bases
the success of the intradural methods more on the spirochetacidal
action of a serum with a low arsenic concentration—the presence of
syphilitic antibodies in the serum and local action of an irritating effect
produced by serum and chronic inflammatory process. On the basis
of experiments on dogs and man, he differs with Sicard4 in believing
that the irritation of the meninges was unable to cause a let down of
the barrier between the blood and spinal fluid.
3. Swift, Homer F.: Intraspinal Therapy in Syphilis of the Central Ner-
vous System, J. A. M. A. 65:209 (July 17) 1915. Stillman and Swift: Cited
by Swift in same article.
4. Sicard, J. A.: Bull. et m\l=e'\mSoc. m\l=e'\dd. h\l=o^\p.de Par. 36:681, 1913.
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OUTLINE OF PRESENT INVESTIGATION
The following experiments were undertaken to find out if the
normal penetration of arsenic into the spinal fluid could be increased
by an irritation of the meninges such as must occur in all of the intra-
dural treatments. It seemed important to reinvestigate this point as
the studies of Flexner and Amos5 on poliomyelitis had demonstrated
a definite let down in the barrier between the blood and spinal fluid
that could be caused by a variety of irritants.
CHEMICAL ANALYSIS
Quantitative estimations of the arsenic penetration in the meninges
have been made on approximately 100 spinal fluids after the various
methods of treatment. The analytic method used in detail is as
follows : The sample of cerebrospinal fluid is placed in a 200 c.c. round
bottom flask. Five c.c. of arsenic-free strong nitric acid and 3 c.c. of
pure sulphuric acid are added. The contents are boiled slowly until
the brown fumes cease, then concentrated until the first appearance
of the white sulphur trioxid. The sulphuric acid should be nearly
colorless ; if not, a few more cubic centimeters of nitric acid are added
and the digestion «repeated. To the cooled acid 5 c.c. of water are
added and boiled again until the first appearance of white fumes.
Heating should be avoided after sulphur trioxid appears. About 15 c.c.
of water are added and allowed to cool to room temperature. The fluid
is then transferred to a 30 c.c. bottle and the volume made up to 25 c.c.
Through the cork of the bottle is a glass tube, the dimensions of the
lower part of which are 1 cm. by 10 cm., and the upper part drawn
out to 0.4 cm. by 6 cm. In the lower part of this tube near the con¬
striction, glass wool moistened with a solution of lead acetate is placed
with dry lead acetate paper below. In the constricted part of the tube
is inserted a 0.3 cm. by 6 cm. strip of mercuric chlorid paper (filter
paper soaked in 5 per cent, mercuric chlorid, dried and placed in
stoppered tube). Ten gm. of arsenic free granulated zinc are just
covered with 5 per cent, pure copper sulphate. This is washed free
from the copper sulphate and added to the 25 c.c. of solution in the
bottle ; the cork and upright glass tube are immediately inserted. A
rapid stream of hydrogen is evolved for some time. In about twenty
minutes 1 c.c. of 5 per cent, copper sulphate is added to the bottle ;
this will again increase the rate of evolution of gas. In forty minutes
from the addition of the zinc compare the intensity and extent of the
color on the mercuric chlorid strip with standard strips of same sample
5. Flexner, S.: Neutralizing Substances in Poliomyelitis, J. Exper. Med.
25:499 (April) 1917; Amos, H. L.: Ibid.
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TABLE 1.—Group A—Controls
Ko. ot
History
63911
65976
(¡0673
13131-13
52727
50861
65976
64706
44000
60698
50931
54706
50931
5175C
55404
60698
60698
60698
63727
63727
60442
60442
60442
54706
60797
49866
50861
65473
49866
50861
44000
66361
44469
66105
44469
66105
Diagnosis
Cerebrospinal
syphilis
Syphilis
Tabes
Cerebrospinal
syphilis
Tabes
Tabes
Cerebrospinal
syphilis
Cerebrospinal
syphilis
Tabes
Cerebrospinal
syphilis
Syphilis
Syphilis
Cerebrospinal
syphilis
Cerebrospinal
syphilis
Cerebrospinal
syphilis
Tabes
Syphilis
Syphilis
Syphilis
Syphilis
Tabes (burnt
out)
Tabes (burnt
out)
Cerebrospinal
syphilis
Cerebrospinal
syphilis
Cerebrospinal
syphilis
Cerebrospinal
syphilis
Tabes
Syphilis
Cerebrospinal
syphilis
Syphilis
Cerebrospinal
syphilis
Tabes
Syphilis
Cerebrospinal
syphilis
Syphilis
Cerebrospinal
syphilis
Syphilis
Cerebrospinal
syphilis
Cerebrospinal
syphilis
Tabes
Cerebrospinal
syphilis
Tabes
Cerebrospinal
syphilis
Tabes
Cells
betöre
Treat¬
ment
6
30
2
0
40
1
0
0
0
0
2
2
10
10
10
28
1
1
47
2
10
Cell
Reac¬
tion
6
48
10
1
4
2
0
38
0
10
34
2
5
5
1
1
3
1
1
1
10
10
10
5
10
Amount
of
Fluid
With¬
drawn,C.c.
25
20
£0
22
25
22
25
25
25
30
30
25
30
20
30
25
25
20
20
25
20
25
25
25
25
25
40
20
20
22
25
£0
30
20
20
25
20
20
30
20
23
Amount
ot Fluid
Exam¬
ined tor
Arsenic,C.c.
15
10
10
12
15
12
15
15
15
20
20
15
20
20
20
10
20
15
15
10
10
15
10
15
15
15
15
15
30
10
10
12
15
10
20
10
10
10
10
20
10
Total
Arsenic
in
Mg.
0
0.0C05
0
0
0
0.0004
0
0.0010
0.0008
0
0.0015
0
0.0040
0.0005
0.0003
0
0
0.0005
0
0
0
0
0
0
0
0.0010
0
0
0.0004
0.0010
0.0006
0.0010
0.0040
0
0.0010.
0
0
0.0007
0.0010
0
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of paper colored by known amounts of arsenic produced in the same
apparatus under the same condition as the unknown. In this way
0.1 mmg. (1 micromilligram = 0.001 milligram) of arsenic can be
detected. Up to 1 mmg. the results are probably correct to 0.2 mmg.
Between 1 and 10 mmg., the error is probably not greater than 0.5 mmg.
TABLE 2.—Group  
 
54293
50861
44878
28386
68229
18841
64706
60698
58556
29145
29145
62047
51750
50861
49866
52727
54293
70143
70143
69649
69649
Diagnosis
Tabes.
Cerebrospinal syphilis
Tabes.
Cerebrospinal syphilis
Tabes.
Cerebrospinal syphilis
Cerebrospinal syphilis
Syphilis.
Cerebrospinal syphilis
Paresis.
Cerebrospinal syphilis
Tabes.
Tabes.
Cerebrospinal syphilis
Syphilis.
Tabes.
Tabes.
Cerebrospinal syphilis
Cerebrospinal syphilis
Cerebrospinal syphilis
Cerebrospinal syphilis
Amount
ot
Fluid
Withdrawn,C.c.
Amount
of Fluid
Examined
for Arsenic
C.c.
fr
 a§2
40
35
35
45
15
35
45
20
20
25
25
30
15
30
15
40
40
40
 JO
20
25
20
25
10
20
35
20
15
20
25
15
20
25
20
25
20
20
25
15
20
Total
Arsenic
in
Mg.
0
0
0
0.0004
0
0
0.0003
0
0
0
0.0004
0
0.0006
0
0
0 0003
0
0
0
0
0.0016
0
0
0
00007
0
0
0
0
0
0
o.ooo;
o ooot
0
0
0
0
0
0.Q003
0
0
0
TABLE 3.—Group C
No. of
History
46S08
70859
15108
70849
58556
Diagnosis
Tabes
Cerebrospinal
syphilis
Tabes
Paresis
Cerebrospinal
syphilis
Cells
before
Treat¬
ment
6
14
451
14
45
Cell
Reac¬
tion
Amount
of
Fluid
With¬
drawn,
C.c.
SO
25
Amount
of Fluid
Exam¬
ined for
Arsenic,C.c.
20
15
15
15
20
Total
Arsenic
Mg.
Arsenic
in Micro-
; milligrams
per C.c.
RESULTS OBTAINED
Group A consists of forty-four cases in which spinal drainage was
performed one hour following simple intravenous injection of 0.6 gm.
arsphenamin. We chose the interval of one hour, as Reiger and
Solomon found that arsenic concentration in the spinal fluid attained
its maximum at this time. Forty-three per cent, of these cases gave
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positive tests for arsenic, averaging 0.036 mmg. of arsenic per cubic
centimeter of spinal fluid.
Group
 consists of twenty-one cases in which intravenous injec¬
tion of arsphenamin was followed in less than an hour by a complete
drainage of the spinal fluid. One hour after the first drainage a
second lumbar puncture was done to determine whether complete drain¬
age tended to increase the amount of arsenic penetration. In 29 per
cent, of the cases arsenic penetrated in half an hour; in only 19 per
TABLE 4.—Group D
No.
of
His¬
tory
Diagnosis
Cells
before
Treat¬
ment
Cell
Reac¬
tion
Temp¬
erature
Reac¬
tion
Amt.
of
Fluid
With¬
drawn,
C.c.
Amt. of
Fluid
Exam¬
ined
for
Arsenic
in C.c
Total
Arsenic
Mg.
44469
27530
27530
2093
18841
65473
46808
66105
58556
58556
56530
56530
50931
60442
60442
60698
60767
60673
52727
62047
62047
60442
14361
64818
65547
61725
49360
63727
68925
68925
46808
41067
68925
65714
30882
29145
70849
70143
69649
70849
Tabes.
Tabes.
Tabes.
Paresis.
Cerebrospinal syphilis
Tabes.
Tabes.
Cerebrospinal syphilis
Cerebrospinal syphilis
Cerebrospinal syphilis
Tabes.
Tabes.
Cerebrospinal syphilis
Cerebrospinal syphilis
Cerebrospinal syphilis
Syphilis.
Tabes.
Cerebrospina] syphilis
Tabes.
Tabes.
Tabes.
Cerebrospinal syphilis
Cerebrospinal syphilis
Cerebrospinal syphilis'
Tabes (burnt out).
Cerebrospinal syphilis
Cerebrospinal syphilis
Tabes (burnt out).
Cerebrospinal syphilis
Cerebrospinal syphilis
Tabes.
Cerebrospinal syphilis
Cerebrospinal syphilis
Cerebrospinal syphilis
Tabes.
Cerebrospinal syphilisCerebrospinal syphilis
Cerebrospinal syphilis
Cerebrospinal syphilis
Paresis.
5
4
4
26
17
5
10
2
48
48
5
5
40
10
10
0
5
6
1
4
4
10
23
3
5
48
44
2
60
60
10
1
126
19
1
11
15
17
4
15
2,300
385
125
126
2.040
1,660
108
60
24
191
456
710
103
765
2,980
61
75
19
1,320
1.136
4,200
2,000
470
693
525
1ST
1,600
39
1,350
19
1,380
99
298
127
320
298
101.0
100.5
102.0
99.8
99.8
100.5
101.0
99.0
98.2
986
99.2
99.5
101.0
98.0
100.8
99.6
99.5
99.0
98.8
100.4
99.2
99.4
101.0
100.0
101.2
99.5
101.5
101.0
100.5
100.0
101.4
100.0
100.5
98.8
101.0
99.6
102.0
101.0
99.0
102.0
20
25
13
25
25
25
25
22
25
30
17
30
20
25
25
30
25
25
20
25
25
25
20
30
30
30
35
16
25
45
35
35
25
30
20
25
10
15
3
15
15
15
15
12
15
20
7
20
10
15
15
20
20
25
25
20
15
15
10
15
15
15
10
20
20
20
25
6
15
35
25
25
15
20
10
15
0.003
0.002
0.0O05
0.001
0.0004
0.002
0.002
0.004
0.004
0.001
0.003
0.008
0.0005
0.001
0.0005
0.0007
0.0005
0.001
0.0006
0.001
0
0.0008
0 0005
0.001
0.0015
0
0.0008
0.003
0.0004
0.002
0.0015
0.002
0
0.0010
0.0003
0.0008
0.0008
0 0005
0.000S
cent, of the cases was arsenic found on the second drainage. The
average amount of arsenic penetrating in the first drainage was
0.008 mmg. ; in the second drainage was 0.0044 mmg. Allowing for
the fact that this group contains a smaller number of cases than
Group A, we can conclude that the number of penetrations is certainly
not greater than that obtained by simple intravenous injection.
Group C consists of five cases in which a complete drainage was
made an hour before the intra\renous injection of arsphenamin and
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this showed no arsenic penetration an hour after the injection. Appar¬
ently, placing the drainage before instead of after the intravenous injec¬
tion has no advantages.
Group D consists of forty cases in which the patient's own serum
was injected into the subdural space followed in from six to eight
hours by an intravenous injection of arsphenamin. One hour after
the injection a lumbar puncture was made. Ninety-two per cent, of
these cases gave a positive test for arsenic in the spinal fluid. Quanti¬
tatively, they averaged 0.103 mmg. per cubic centimeter. The menin¬
geal irritation resulting from the serum injection ranged from a reac¬
tion 100 to 2,300 cells per cubic millimeter.
APPLICATION TO TREATMENT
It would seem that the foregoing results could be applied to the
treatment of neurosyphilitics in the following way: (1) Every case
should have the benefit of intensive intravenous medication until we
are certain that the case belongs among those with impermeable mem¬
branes. (2) Our experiments would suggest that for the cases resist¬
ant to ordinary therapy-, in order to obtain the maximum concentration
of arsenic in the spinal fluid, the patient's own blood serum should be
injected into the subarachnoid space six hours before the arsphenamin
is given intravenously. This serum may be injected as in the Swift-
Ellis technic, or, if necessary, arsenic or mercury may be added
according to the Ogilvie or Byrnes technic. This procedure is not
more complicated than either of the intradural methods, and has the
definite advantage of allowing arsenic to pass from the blood to the
spinal fluid in greatly increased concentration. Clinically, we have
carried this process through in eighty cases. These cases were chosen
because we had treated them previously by the ordinary intensive
antisyphilitic treatments with meager results.
SUMMARY
Irritation of the meninges by intradural injection of the patient's
own serum caused a cellular reaction ranging from 100 to 2,300 cells
per cubic millimeter of spinal fluid.
2. Simple intravenous injection of 0.6 gm. arsphenamin resulted in a
positive test for arsenic in the spinal fluid in 43 per cent, of the cases.
3. Complete drainage of the spinal fluid did not increase the num¬
ber of arsenic penetrations.
4. Intravenous injection of arsphenamin six hours after meningealirritation gave 92 per cent, penetrations and compared with the controls,
gave three times as strong an average concentration of arsenic.6
6. In addition to the references given, the following may be of interest:
Barbat, J. H.: Permeability of the Meninges to Arsenic in Paresis andTabes, J. A. M. A. 70:147 (Jan. 19) 1918.
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